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(54) Light scattering resin layer 



(57) Provided is a I ight scattering resin layer provid- 
ing scattering of transmitted light by a dispersion of in- 
organic fine particles in a transparent resin, wherein said 
fine particles are polyhedral particles having an US ratio 
of 2.0 or less when the major axis length is represented 
by L and the minor axis length is represented by S, a 
number-average particle diameter of 0.1 urn or more 
and 20.0 urn or less, and a particle size distribution in 
terms of the D90/D10 value of 7 or less when particle 



diameters at 1 0% cumulation and 90% cumulation from 
the smaller particle side of the cumulative particle size 
distribution are represented by D10 and D90, respec- 
tively. 

The light scattering layer has a good dispersibility 
of fine particles in a transparent resin, improved forward 
scattering property, and excellent light transmittance 
and is used for a color filter, a light scattering plate, a 
light scattering adhesive layer, and a liquid crystal dis- 
play. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present Invention relates to a color filter, a light scattering plate, a light scattering adhesive layer, in which 
a light scattering layer is provided for enlarging visibility angle and for improving display quality, and a liquid crystal 
display apparatus using at least one of them. 

Description of the Related Art 

[0002] Liquid crystal display panels have features such as thin form, light weight, low electric power consumption 
and the like, and are spreading widely as a display instead of CRT (cathode ray tube) and demand thereof is increasing 
further, recently. Further, these panels are used in various fields, and the commercial trend is directed to a larger screen 
and higher fineness. 

[0003] Though liquid crystal display panels have merits such as thin form and driving with lower electric power, light 
transmission, brightness and viewing angle thereof are insufficient, and particularly, there is an eager desire for im- 
provement in the viewing angle which is significantly narrower as compared with CRT. 

[0004] In one method for enlarging the viewing angle of a liquid crystal display panel, tights transmitted through the 
liquid crystal display panel are allowed to scatter to all directions to level lights within the viewing angle, enlarging the 
viewing angle, and as the method to scatter lights transmitting the panel, a scattering plate is generally used. 
[0005] As the method for scattering lights by a scattering plate, there are listed a method in which fine particle are 
dispersed in a scattering plate leading to scattering of lights, a method in which the surface of a scattering plate is 
roughened to cause scattering of lights, a method in which a grating-like fine structure is formed on the surface of a 
scattering plate leading to scattering of lights, as well as other methods, and among them, a method in which lights 
are scattered by fine particles dispersed in a scattering plate is most frequently used. 

[0006] As the method for integrating a scattering layer into a liquid crystal panel, there are suggested a method in 
which a light scattering film is pasted on the surface of a liquid crystal panel, a method in which a light scattering 
adhesive having light scattering function is used as an adhesive in pasting a polarizing plate, a method in which a light 
scattering layer produced by dispersing fine particles in a resin is formed on a color filter, and the like, and some of 
them are disclosed. For example, JP-A No. 10-206837 discloses a method in. which a light scattering layer produced 
by dispersing a transparent pigment of high refractive index such as cerium oxide and the like having an average 
particle diameter of 0.4 urn to 4 u.m and a refractive index of over 1 .8 in a resin is placed on the observation substrate 
side. 

[0007] Further, JP-A No. 7-21 8705 discloses a light scattering film in which an acrylic fine particle having an average 
particle diameter of 1 u.m to 50 um is dispersed. 

[0008] The object of the present invention is to provide a light scattering layer in which the dispersibility of a fine 
particle in a transparent resin as a matrix is large and forward scattering property is improved and light transmittance 
is excellent, and to provide a color filter, a light scattering plate, a light scattering adhesive layer, in which scattering 
property is improved while maintaining high transmittance of lights, and a liquid crystal display using at least one of them. 

SUMMRY OF THE INVENTION 

[0009] The present inventors have intensively studied for solving the above-mentioned problems, and resultantly, 
found that a light scattering layer in which forward scattering property is improved and light transmittance is excellent 
can be formed by using a specific fine particle as a scattering material, leading to completion of the present invention. 
[0010] Namely, the present invention provides the following (1) to (6) aspects. 

(1 ) A light scattering resin layer providing scattering of a transmitted light by dispersion of an inorganic fine particle 
in a transparent resin, wherein the above-mentioned fine particle is a polyhedral particle preferably having sub- 
stantially no fractured surface, US ratio is 2,0 or less when the major axis length is represented by L and the minor 
axis length is represented by S, the number-average particle diameter of the above-mentioned fine particle is 0.1 
jim or more and 20.0 \l m or less, and the particle size distribution in terms of D90/D10 value is 7 or less when 
particle diameters at 10% cumulation and 90% cumulation from smaller particle side of cumulative particle size 
distribution are represented by D1 0 and D90, respectively. 

(2) A color filter for a liquid crystal display, wherein the light scattering resin layer of (1 ) is provided on one surface 
or both surfaces of a transparent substrate or on a color filter layer. 
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(3) A liquid crystal display, wherein the color filter for a liquid crystal display of (2) is contained as a constituent 
element. 

(4) A light scattering plate, wherein the light scattering resin layer of (1) is used on the surface of or in a scattering 
plate. 

s (5) A light scattering adhesive layer, wherein light scattering function is imparted to an adhesive layer by using a 

resin having adhesion as the above-mentioned transparent resin in the light scattering resin layer of (1). 
(6) A liquid crystal display, wherein the light scattering plate of (4) or (5) is equipped on at least one side either of 
the outer side or the inner side of a liquid crystal cell. 

10 BRIEF DESCRIPTION OF THE DRAWING 

[001 1] Fig. 1 is a view illustrating one example of a liquid crystal display integrating as a constituent element a color 
filter endowed with scattering function of the present invention. 

[0012] Fig. 2 is a view illustrating one example of a liquid crystal display integrating as a constituent element a light 
is scattering plate of the present invention. 

[0013] Fig. 3 is a view illustrating one example of a liquid crystal display integrating as a constituent element a light 

scattering adhesive layer of the present invention. 

[0014] The denotations used in the figures are as follows. 

20 1 : Glass substrate 

2 : Polarizing plate 

3r: Red color filter 

3g: Green color filter 

3b: Blue color filter 
25 4 : Liquid crystal layer 

5 : Over coat layer 

6 : Transparent electrode 

7 : Light scattering over coat layer 

8 : Light scattering plate 
30 9 : Light scattering adhesive layer 

DETAILED DESCRIPTION OF THE INVENTION 

[0015] The light scattering layer of the present invention is a light scattering layer wherein a transparent inorganic 
35 fine particle is dispersed in the transparent resin as matrix, for imparting light scattering effect, and the inorganic fine 
particle used as a scattering material is an inorganic fine particle wherein the particle is a polyhedral particle preferably 
having substantially no fractured surface, US ratio is 2.0 or less when the major axis length is represented by L and 
the minor axis length is represented by S, the number-average particle diameter of the fine particle is 0.1 urn or more 
and 20.0 u. m or less , and the particle size distribution in terms of D90/D10 value is 7 or less when particle diameters 
40 at 1 0%cumulation and 90% cumulation from smaller particle side of cumulative particle size distribution are represented 
by D10 and D90, respectively. 

[0016] As the inorganic fine particle used in the present invention, there are listed oxides of metals, and the like, and 
preferably, oxides of metals belonging to II la to IVb groups in the periodic table of element, further preferably, aluminum 
oxide, titanium oxide, yttrium oxide, yttrium aluminum garnet (YAG) and the like. Among other, an alumina fine particle 

45 having refractive index revealing smaller difference of 0.1 to 0.5 from that of a transparent resin as a matrix is preferable 
since back scattering is smaller when the refractive index of the particle is nearer to that of the matrix, transparent 
resin, and particularly, in the present invention, an alumina fine particle is preferable wherein the particle is a polyhedral 
particle preferably having substantially no fractured surface, the particle is an a-alumina fine particle showing D/H ratio 
of 0.5 or more and 2.0 or less when the maximum particle diameter parallel to the hexagonal lattice surface of ot- 

50 alumina, hexagonal closest lattice is represented by D and the particle diameter vertical to the hexagonal closest lattice 
surface is represented by H, the number-average particle diameter of the a-alumina fine particle is 0.1 urn or more 
and 20.0 \im or less, and the particle size distribution in terms of D90/D10 value is 7 or less when particle diameters 
at 1 0% cumulation and 90% cumulation from smaller particle side of cumulative particle size distribution are represented 
by D10 and D90, respectively. 

55 [0017] The number-average particle diameter of the above-mentioned inorganic fine particle is 0.1 p.m or more and 
20.0 nm or less, and preferably, 0.4 urn or more and 10.0 u.m or less. 

[0018] When the number-average particle diameter is 20.0 urn or more, the unevenness on the surface of a layer 
increases, and flattening becomes difficult. Even when flattening is tried, the film thickness increases further, causing 
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undesirable results from the standpoints of cost and reduction in the thickness of a liquid crystal panel. 

[0019] As the method for producing an alumina powder of the present invention, methods described in JP-A Nos. 

6-191833, 6-191835, 6-191836 and 7-206430, and the like can be used. 

[0020] When the ratio of an inorganic fine particle of the present invention added to a transparent resin as a matrix 
5 in a light scattering layer is too large, the transmittance of a light decreases, and the whole body shows white- 1 ike 
appearance, lowering display quality, though scattering effect is enhanced. Therefore, larger ratio of an inorganic fine 
particle is not preferable. Additionally, the particles tend to coagulate mutually, undesirably. While, when the ratio of 
the inorganic fine particle is too small, scattering effect decreases, effective scattering effect can not be obtained, 
undesirably. 

10 [00211 When a fine particle is mixed with a transparent resin as a matrix, the concentration of the fine particle in 
terms of [fine particle/(sum of fine particle and transparent resin] is preferably from 1 to 50 voI%, further preferably 
from 5 to 30 vol%. 

[0022] The inorganic fine particle of the present invention may be subjected to treatment on surface, if necessary. 
Preferably, organic compounds or inorganic compound containing metal ions can be used : though examples thereof 
'5 are not limited to them. For example, a silane coupling agent, titanium coupling agent, aluminum-based coupling agent 
and the like can be used. 

[0023] As the alumina fine particle of the present invention, there are exemplified Sumicorundum AA04 (number- 
average particle diameter: 0.4|im), AA05 (number-average particle diameter: 0.5 um), AA07 (number-average particle 
diameter: 0.7 urn). AA1 (number-average particle diameter: 1 .0 urn), AA2 (number-average particle diameter: 2.0 urn), 
20 AA4 (number -average particle diameter: 4.0 um), AA10 (number-average particle diameter: 10.0 um) and the like 
manufactured by Sumitomo Chemical Co., Ltd. 

[0024] The inorganic fine particle to be dispersed in a transparent resin in the present invention is not restricted to 
one kind of inorganic fine particle having the same particle diameter, and two or more inorganic fine particles such as 
those having different particle diameters and those of different kinds may be combined. 
25 [0025] The thickness of the light scattering layer of the present invention is in the range from 0.2 |xm to 1 00 urn, and 
preferably 0.5 um or more and 50 (im or less. 

[0026] In the light scattering layer of the present invention, unevenness having depths from 0.05 um to 10 um may 
be provided on the surface of this light scattering layer, if necessary. 

[0027] Then, a color filter, a light scattering plate, a light scattering adhesive layer, using the light scattering resin 
30 layer of the present invention, and a liquid crystal display using at least one of them will be illustrated in detail below. 
[0028] The present invention relates to a color filter in which the above-mentioned light scattering resin layer is formed 
on a color niter layer, showing a function for scattering of transmitted lights, and a liquid crystal display using the same. 
[0029] In the present invention the number-average particle diameter of the above-mentioned inorganic fine particle 
is preferably 0.4 um or more and 20.0 \im or less, further preferably, 0.4 urn or more and 4.0 u,m or less. 
35 [0030] The thickness of the light scattering resin layer in the present invention is preferably 0.5 um or more and 50.0 
um or less, further preferably, 0.5 jim or more and 4.0 um or less. Since the minimum value of the preferable particle 
diameter of a fine particle is 0.4 um, a value less than 0.5 um is not preferable in view of the unevenness of the surface. 
While, then the thickness of the layer Is too large, the transmittance of a light reduces, undesirably. 
[0031] Further as the alumina fine particle amongthe above-mentioned inorganic fine particles, there are exemplified 
40 Sumicorundum AA04 (number-average particle diameter: 0.4 urn), AA05 (number-average particle diameter: 0.5 jim), 
AA07 (number-average particle diameter: 0.7 um), AA1 (number-average particle diameter: 1.0 ujti), AA2 (number- 
average particle diameter: 2.0 um) and the like manufactured by Sumitomo Chemical Co., Ltd. 
[0032] Then, the method for forming a light scattering resin layer on a color filter substrate in the present invention 
will be illustrated below. 

45 [0033] A color filter equipped with the light scattering resin layer of the present invention is obtained by dispersing 
a fine particle in a transparent resin such as an overcoat resin, color resist and the like, and applying this resin on one 
side or both sides of a transparent substrate or on a color filter layer or in a color filter layer. 

[0034] In the present invention, the transparent substrate means a glass substrate and the like which will act as a 
substrate for a color filter layer, and the color filter layer means each pigment layer for coloring a light transmitting 
50 through its portion. 

[0035] In the present invention, when a light scattering resin layer is formed, there can be used, as the matrix, trans- 
parent resin, for example an epoxy resin, acrylic resin, acrylepoxy resin, polyester resin, polyamide resin, urethane 
resin, polyimide resin, or copolymer resins thereof. Further, it is also possible to utilize those obtained by adding a 
melamine resin to an epoxy resin. Furthermore, these resins may be ultraviolet ray-cured resins, thermally cures resins, 
55 electron beam-cured resins or resins obtained by using these curing method together. 

[0036] For dispersing the above-mentioned inorganic fine particle in these transparent resins, a fine particle is added 
into a transparent resin dissolved in a solvent, and this mixed solution can be subjected to an ultrasonic dispersing 
method, ball mill, jet mill and the like. 
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[0037] Moreover, the inorganic fine particle of the present invention may be subjected to treatment on surface, if 
necessary. Preferably, inorganic compounds containing metal ions and the like or organic compounds containing metal 
ions and the like can be used, though examples thereof are not limited to them. For example, a silane coupling agent, 
titanium coupling agent, aluminum-based coupling agent and the like can be used. 
5 [0038] As the color filter layer, a known color filter layer can be applied. Examples thereof are a dying method color 
filter obtained by dying a resin with a dye, a pigment dispersed type color filter obtained by using a photosensitive resin 
containing dispersed organic pigment and a photo lithography process, a printing method color filter obtained by an 
offset printing method, relief printing method or flexo printing method and the like. 

[0039] For forming the above-mentioned light scattering resin layer, there can be used, for example, an offset printing 
*0 method, screen printing method, roll coat method, gravure coat method, bar coat method, spin coat method, curtain 
coat method, spray coat method and the like. 

[0040] Integration of a color filter equipped with a light scattering resin layer thus formed, as a constituent element 
of a liquid crystal display, can improve scattering property an improve display quality while maintaining high transmit- 
tance of a light. 

15 [0041] Next, the light scattering plate of the present invention and a liquid crystal display equipped with this plate 
will be illustrated. 

[0042] The present invention relates to a light scattering plate for scattering a transmitted light wherein the above- 
mentioned light scattering resin layer is formed on the surface of or in a scattering plate, and a liquid crystal display 
using the same plate. 

20 [0043] The scattering plate means that having the above-mentioned scattering resin layer formed on the surface 
thereof, or that in which the above-mentioned scattering resin layer itself functions as a light scattering plate. 
[0044] In the present invention, when the above-mentioned light scattering resin layer is formed on the surface of a 
transparent substrate, this transparent substrate is not particularly restricted and may advantageously be a transparent 
material such as glass, polymer film and the like. This substrate may also be used together with various liquid crystal 

25 display- related members such as a polarizing film, retardation film : brightness enhancement film, quarter wavelength 
plate and the like, or those obtained by application thereof into or onto the upper surface or lower surface thereof may 
also be permissible. A polarizing film and the like laminated with a diffraction lattice and the like may be used as the 
substrate. 

[0045] In this case, the matrix, transparent resin, thickness, forming method thereof and the like are as in the case 
30 for forming the above-mentioned scattering resin layer on the above-described color fitter. 

[0046] Further, when the above-mentioned scattering resin layer itself functions as a light scattering plate in the 
present invention, the light scattering plate is obtained by dispersing the above-mentioned fine particle in a transparent 
resin, and molding the resin into a plate or film. 

[0047] As the matrix transparent resin in this case, polymers are preferable which do not cause changes in optical 
35 property and form when the light scattering plate is used at high temperature or when the resin is exposed to the 
temperature of laminating process with a liquid crystal cell, and thermoplastic engineering polymers of which glass 
transition temperature is high to a certain extent, or when a plasticizer is added, polymers of which flowing temperature 
is high to a certain extent are preferably used. 

[0048] The lower limit of the glass transition temperature or softening temperature of a matrix polymer is determined 
to so that no change in optical property and no deformation such as shrinkage and the like of a film occur within the 
temperature range in which a liquid crystal display is used, and drawing while heating is necessary in providing a 
retardation plate, consequently, too high glass transition temperature is not preferable industrially, leading to setting 
of the upper limit. 

[0049] The glass transition temperature of softening temperature required for a matrix polymer is preferably from 50 

^5 to 250°C, further preferably from 70 to 230°C. 

[0050] As the preferable polymer satisfying these conditions , there are exemplified polycarbonates, polyarylates, 
polystyrenes, polyvinyl alcohol, polyolefins, polyvinyl chloride, polyesters, polysulfones, poryether sulfones, cellulose 
diacetate, cellulose triacetate, ethylenevinyl alcohol copolymers and the like, and preferably, polycarbonates, polysty- 
renes, polyarylates, cellulose triacetate and the like are exemplified. 

so [0051] The thickness of a light scattering resin layer in the light scattering plate of the present invention and a liquid 
crystal display equipped with the plate is preferably 0.5 u.m or more and 50.0 urn or less, further preferably 10.0 u.m 
or more and 50.0 \im or less. When the thickness is too small, a reverse influence is exerted on mechanical strength, 
and when the thickness is too large, the evaporation speed of a solvent when a film is formed by a solvent casting 
method lowers, deteriorating productivity, therefore, the thickness is preferably within a certain moderate range. 

55 [0052] The method for forming a light scattering plate when the above-mentioned scattering layer itself functions as 
a light scattering plate in the present invention will be illustrated. 

[0053] For dispersing the inorganic fine particle in the above-mentioned transparent resin, a fine particle is added 
into a transparent resin dissolved in a solvent, and this mixed solution can be subjected to an ultrasonic dispersing 
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method, ball mill, jet mill and the like. 

[0054] The inorganic fine particle of the present invention may be subjected to treatment on surface in the same 
manner as described above, if necessary. 

[0055] As the method for molding a light scattering plate comprising a transparent resin as a matrix and a fine particle, 
5 there are exemplified a solvent casting method in which a dispersion solution is cast, and extrusion molding method, 
calender method, press molding method and the like, and of them, a solvent casting method excellent in film thickness 
precision is preferable. 

[0056] Integration of a light scattering plate thus formed, as a constituent element of a liquid crystal display, can 
improve scattering property an improve display quality while maintaining high transmittance of a light. 
10 [0057] Next, the light scattering adhesive layer of the present invention and a liquid crystal display equipped with 
this layer will be illustrated. 

[0058] The present invention relates to a light scattering adhesive layer which characteristically has a light scattering 
function in an adhesive layer by using as the above-mentioned transparent resin that having adhesion, and a liquid 
crystal display using the same layer, 

15 [0059] The thickness of a light scattering resin layer in the light scattering adhesive layer of the present invention 
and a liquid crystal display equipped with the layer is preferably 0.5 urn or more and 50.0 u.m or less, further preferably 
10.0 urn or more and 50.0 \im or less. When the thickness is too small, a reverse influence is exerted on mechanical 
strength, and, handling in applying to a body to be adhered becomes difficult, mutual adhesion of bodies to be adhered 
having different surface irregularities or curvatures becomes difficult, and the like. 

so [0060] As the matrix, transparent resin having adhesion in the light scattering resin layer of the present invention, 
there are listed, tor example, synthetic resin-based adhesives, emulsion-based adhesives, synthetic rubber-based 
adhesives and the like. As the above-mentioned synthetic resin-based adhesive, there can be utilized acrylic resin- 
based adhesives. epoxy resin-based adhesives, urethane resin-based adhesives, melamine resin-based adhesives, 
phenol resin-based adhesives, urea resin-based adhesives, cyanoacrylate resin-based adhesives and the like, or co- 

25 polymers thereof and the like. As the above-mentioned emulsion-based adhesive, there can be utilized vinyl acetate 
resin-based emulsion-based adhesives, vinyl acetate copolymer resin-based emulsion-based adhesives, acrylic resin- 
based emulsion-based adhesives and the like, in addition, heat-resistance adhesives such as silicon resin-based ad- 
hesives, polyimide-based adhesives and the like, water-soluble adhesives such as polyvinyl alcohol and the like, can 
also be used. Further, these adhesives may appropriately contain a tackifier, softening agent, other various fillers, 

30 pigment, antioxidant, stabilizer and the like, depending on use thereof. 

[0061] For forming the above-mentioned light scattering adhesive layer, there can be used, for example, an offset 
printing method, screen printing method, roll coat method, gravure coat method, bar coat method, spin coat method, 
curtain coat method, spray coat method and the like. 

[0062] When a polarizing plate and retardation plate are pasted using such a light scattering adhesive layer in con- 
35 stituting a liquid crystal display, the adhesive layer itself act as a light scattering plate, and scattering property can be 
improved and display quality can be improved while maintaining high transmittance of a light. 

EXAMPLES 

40 [0063] Next, the following examples illustrate the present invention, but dot not limit the scope of the present invention. 
[0064] Various measuring methods in the present invention will be shown below. 

Measurement of number-average particle diameter 

45 [0065] A powder particle was photographed using a scanning electric microscope (SEM, manufactured by Nippon 
Denshl K.K.; T-300), and 50 to 100 particles were selected from this photography and the image was analyzed, and 
average value thereof was calculated. 

Measurement of D10 and D90 (measurement ol weight cumulative particle size distribution) 

50 

[0066] This was measured by a laser diffraction scattering method using Master Sizer (manufactured by Mulballoon 
K.K.). An alumina slurry prepared for the measurement was obtained by adding 25 g of a 0.5 wt% aqueous solution 
of sodium hexa-m-phosphate to 2.5 g of an alumina powder, and exposing the mixed solution to an ultrasonic wave 
for 2 minutes by a homogenizer. 

55 

Measurement of D/H 

[0067] A powder particle was photographed using a scanning electric microscope (SEM, manufactured by Nippon 
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Denshi K.K.; T-300), and 50 to 100 particles were selected from this photography and the image was analyzed, and 
average value thereof was calculated. 

Measurement of Haze (fog value) and total light transmittance 

5 

[0068] Haze (fog value) and total light transmittance were measured using a Haze computer (manufactured by Suga 
Shikenki K.K.: HGM-2DP). 

Evaluation of scattering property 

10 

[0069] Lights emitting from a fiber type light source (manufactured by Chuo Seiki K.K.: SPH-1 00N) were paralleled, 
and irradiated a sample to be measured. The sample is inserted so that the sample surface crosses the light axis. 
Intensities of a light transmitted through the sample and a light scattered by the sample were measured by a light 
sensor and a light power meter. The angle distribution of scattered lights were measured while rotating a light sensor 
J5 portion, parallel to the light axis, from -90° to 90° around the center of the light axis. Comparison of the scattering 
intensity was conducted using the scattering intensity ratio l R : 



l R «lfl 0 

20 

wherein the light intensity when no sample is inserted is represented by i 0 and the light intensity when lights are scat- 
tered to certain angle direction by the sample is represented by I. 

Polarized light analysis ; 

25 

[0070] Polarized light analysis was conducted using an ultraviolet-visible spectrophotometer (manufactured by Shi- 
madzu Corp.: MPC-2200), and the depolarizability (hereinafter, referred to as polarizing coefficient) from a polarizing 
plate as a standard was calculated. A polarized light manifesting utterly no shift from the polarizing plate as a standard 
is evaluated as 100%. Wavelengths from 400 nm to 700 nm were used.] 

30 

Example 1 

[0071] For performing silane coupling treatment on the surface of an alumina fine particle, an alumina fine particle 
was added into a silane coupling agent, dispersed for 2 hours by an ultrasonic cleaner (BRANSON 221 0 manufactured 

35 by EMERSON Co., Ltd.), then, drying was conducted in vacuo for 20minutes at 1 00°C. As the silane coupling agent, 
KBM-403 manufactured by Shin-Etsu Chemical Co., Ltd. was used, and as the alumina fine particle, Sumicorundum 
AA1 (number-average particle diameter: 1.0 u.m) manufactured by Sumitomo Chemical Co., Ltd. was used. 
[0072] Subsequently, 80 vol% of a one-pot type over coat liquid formatrix (epoxy type, V-259EX88-078X: manufac- 
tured by Nippon Steel Chemical Co., Ltd.) and 20 vol% of an alumina fine particle subjected to silane coupling treatment 

40 were mixed and dispersed for 2 hours by ultrasonic cleaner (BRANSON 2210 manufactured by EMERSON Co., Ltd.). 
[0073] This was spin-coated on a glass substrate (840 rpm; 10 seconds), and pre-baked for 10 minutes at 100°C 
using a clean oven, then, post-baked for 20 minutes at 230°C, to form a light scattering resin layer having a thickness 
of 1 .5 urn 

[0074] The light scattering resin layer thus formed was subjected to the above-mentioned scattering property meas- 
45 urement, and haze measurement and total light transmittance measurement, to find that the scattering intensity ratio 
l R was 0.033 at a scattering angle of 30°, the haze was 81 .2, and the total light transmittance was 97%. 
[0075] Polarized light analysis was conducted to find the polarizing coefficient of 99.98%. The details are shown in 
Table 1. 

[0076] Further, as a result of observation of the fight scattering resin layer by a microscope, little coagulation was 
so found, and approximately uniform dispersion could be confirmed visually. "Good 0 in dispersibility in Table 1 indicates 
that little coagulation is found and approximately uniform dispersion is obtained. 

Example 2 

55 [0077] A light scattering resin layer was formed on a glass substrate in the same manner as in Example 1 except 
that as the alumina fine particle, Sumicorundum AA07 (number-average particle diameter: 0.7 urn) manufactured by 
Sumitomo Chemical Co., Ltd. was used. 

[0078] The light scattering resin layer thus formed was subjected to the above-mentioned scattering property meas- 
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urement, and haze measurement and total light transmittance measurement, to find that the scattering intensity ratio 

l R was 0.020 at a scattering angle of 30° , the haze was 54.3. and the total light transmittance was 96%. 

[0079] Polarized light analysis was conducted to find the polarizing coefficient of 99.96%. The details are shown in 

Tablet. 

5 [0080] Further, as a result of observation of the light scattering resin layer by a microscope, little coagulation was 
found, and approximately uniform dispersion could be confirmed visually. 

Example 3 

10 [0081] The light scattering resin layer formed in Example 1 was formed on a color filter, and this was used in com- 
bination with a liquid crystal display cell. As a result, a display ceil is obtained which has improved viewing angle, 
contrast ratio and the like, and has excellent visibility. 

Example 4 

75 

[0082] The light scattering resin layer formed in Example 2 was formed on a color filter, and this was used in com- 
bination with a liquid crystal display cell. As a result, a display cell is obtained which has Improved visibility angle, 
contrast ratio and the like, and has excellent visibility. 

20 Example 5 

[0083] 60 wt% of a polycarbonate resin and 20 wt% of methylene chloride were dissolved and mixed. 80 vor% of 
this mixed solution and 20 vol% of an alumina fine particle (Sumicorundum AA5 t manufactured by Sumitomo Chemical 
Co., Ltd.) were mixed and dispersed by an ultrasonic cleaner (BRANSON 221 0 manufactured by EMERSON Co., Ltd.). 
25 [0084] The resulted dispersed solution was cast on a glass plate, and the solvent was dried to obtain a light scattering 
film. 

[0085] The resulted light scattering film was pasted on a liquid crystal display cell and used. As a result, a display 
cell is obtained which has improved viewing angle, contrast ratio and the like, and has excellent visibility. 

30 Example 6 

[0086] 80 wt% of an acrylic adhesive (adhesive In the form of a solution. The solvent Is 9:1 (by weight) mixed solvent 
of toluene and ethyl acetate. The concentration is 45 wt%) and 20 wt% of an alumina fine particle (Sumicorundum 
AA5, manufactured by Sumitomo Chemical Co.. Ltd.) were mixed and dispersed. 
35 [0087] The resulted dispersed solution was coated on a substrate film by a roll coater, and dried in a drying furnace, 
to obtain a light scattering adhesive. 

[0088] A polarizing plate and a retardation film were pasted on a liquid crystal display cell using the resulted light 
scattering adhesive. As a result, a display cell is obtained which has improved viewing angle, contrast ratio and the 
like, and has excellent visibility. 

40 

Example 7 

[0089] For performing silane coupling treatment on the surface of an alumina fine particle, an alumina fine particle 
was added into a silane coupling agent, dispersed for 2 hours by an ultrasonic cleaner (BRANSON 221 0 manufactured 

45 by EMERSON Co., Ltd.), then, drying was conducted in vacuo for 20minutes at 100°C. As the silane coupling agent, 
KBM-403 manufactured by Shin-Etsu Chemical Co., Ltd. was used, and as the alumina fine particle, Sumicorundum 
AA1 (number-average particle diameter: 1.0 u.m) manufactured by Sumitomo Chemical Co., Ltd. was used. 
[0090] Subsequently, 90 vol% of acrylic resin-based adhesives for matrix (solution type: manufactured by Lintec Co. , 
Ltd.) and 10 vol% of an alumina fine particle (Sumicorundum AA1, manufactured by Sumitomo Chemical Co., Ltd.) 

so subjected to silane coupling treatment were mixed and dispersed. 

[0091] The dispersed solution was coated on a glass substrate by bar coater, and dried for 10 minutes at 100°C 
using a clean oven, to form a light scattering resin adhesive layer. 

[0092] The light scattering resin layer thus formed was subjected to the above-mentioned scattering property meas- 
urement, and haze measurement and total light transmittance measurement, to find that the scattering intensity ratio 
55 | R was 0.017 at a scattering angle of 30°, the haze was 84.2, and the total light transmittance was 95%. 
[0093] Polarized light analysis was conducted to find the polarizing coefficient of 99.98%. 

[0094] Further, as a result of observation of the light scattering resin layer by a microscope, little coagulation was 
found, and approximately uniform dispersion could be confirmed visually. 
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Example 8 

[0095] A light scattering adhesive layer was formed on a glass substrate in the same manner as in Example 7 except 
that as the alumina fine particle, Sumicorundum AA07 was used. 

5 [0096] The light scattering resin layer thus formed was subjected to the above-mentioned scattering property meas- 
urement, and haze measurement and total light transmittance measurement, to find that the scattering intensity ratio 
l R was 0.01 8 at a scattering angle of 30°, the haze was 79.3, and the total light transmittance was 94%. 
[0097] Polarized light analysis was conducted to find the polarizing coefficient of 99.97%. 
[0098] Further, as a result of observation of the light scattering adhesive layer by a microscope, little coagulation 

10 was found, and approximately uniform dispersion could be confirmed visually. 

Comparative Example 1 

[0099] A light scattering resin layer was formed on a glass substrate in the same manner as in Example 1 except 
15 that as the alumina fine particle, alumina (0.85 u.m of number-average particle diameter) produced by a hydrolysis 
method using an aluminum organometa! compound was used. The shape of alumina particle was not polyhedral but 
indefinite. 

[01 00] The light scattering resin layer thus formed was subjected to the above-mentioned scattering property meas- 
urement, and haze measurement and total light transmittance measurement, to find that the scattering intensity ratio 
20 | R was 0.016 at a scattering angle of 30°, the haze was 40.5, and the total light transmittance was 96%. The details 
are shown in Table 1 . 

[0101] Polarized light analysis was conducted to find the polarizing coefficient of 99.88%. The details are shown in 
Table 1 . 

[0102] Further, as a result of observation of the light scattering resin layer by a microscope, a lot of coagulated 
25 portions were found, and no excellent dispersed condition was confirmed visually. "No good" in dispersibility in Table 
1 indicates that a lot of coagulated portions are found, and no excellent dispersed condition is obtained. 

Comparative Example 2 

30 [0103] A light scattering resin layer was formed on a glass substrate in the same manner as in Example 1 except 
that as the alumina fine particle, alumina (0.65 u.m of number-average particle diameter) produced by a hydrolysis 
method using an aluminum organometal compound was used. The shape of alumina particle was not polyhedral but 
indefinite. 

[0104] The light scattering resin layer thus formed was subjected to the above-mentioned scattering property meas- 
35 urement, and haze measurement and total light transmittance measurement, to find that the scattering intensity ratio 
l R was 0.011 at a scattering angle of 30°, the haze was 34.0, and the total light transmittance was 94%. The details 
are shown in Table 1. 

[0105] Polarized light analysis was conducted to find the polarizing coefficient of 99.87%. The details are shown in 
Table 1 . 

40 [0106] Further, as a result of observation of the light scattering resin layer by a microscope, a lot of coagulated 
portions were found, and no excellent dispersed condition was confirmed visually. 



Table 1 





Example 1 


Example 2 


Comparative Example 1 


Comparative Example 2 


Alumina fine particle 


AA1 


AA07 


Hydrolysis method 


Hydrolysis method 


Number-average particle 
diameter (u.m) 


1.0 


0.7 


0.85 


0.65 


Form 


Polyhedral 


Polyhedral 


Ununiform 


Ununiform 


Thickness of light 
scattering layer (u.m) 


1.58 


1.71 


1.71 


1.69 


Scattering intensity ratio 
Ir 


0.033 


0.020 


0.016 


0.011 


Haze (fog value)(%) 


81.2 


54.3 


40.5 


34.0 
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Table 1 (continued) 





Example 1 


Example 2 


Comparative Example 1 


Comparative Example 2 


Total light transmittance 
(%) 


97 


96 


96 


94 


Polarizing (%) coefficient 


99.9B 


99.96 


99.88 


99.87 | 


Dispersibility 


Good 


Good 


No good (a lot of 
coagulation) 


No good (a lot of 
coagulation) 



Example 9 

[0107] A light scattering resin layer was formed on a glass substrate in the same manner as in Example 1 excepting 
the silane coupling treatment on the alumina fine particle. 

[0108] As a result of observation of the light scattering resin layer by a microscope, coagulated portions were found 
a little as compared with Example 1. 

[0109] According to the present invention, a light scattering layer can be obtained in which the dispersibility of a fine 
particle in a transparent resin as a matrix is high and polarization property and forward scattering property are improved 
and light transmittance is excellent. Further, integration of a color filter, light scattering plate or light scattering adhesive 
layer, equipped with the above-mentioned light scattering layer, can improve scattering property an improve visibility 
while maintaining high transmittance of a light. 



Claims 

1. A light scattering resin layer providing scattering of transmitted light by a dispersion of inorganic fine particles in 
a transparent resin, wherein said fine particles are polyhedral particles having an US ratio of 2.0 or less when the 
major axis length is represented by L and the minor axis length is represented by S, a number-average particle 
diameter of 0.1 um or more and 20.0 urn or less, and a particle size distribution in terms of the D90/D10 value of 
7 or less when particle diameters at 10% cumulation and 90% cumulation from the smaller particle side of the 
cumulative particle size distribution are represented by D10 and D90, respectively 

2. A light scattering layer according to claim 1 , wherein the inorganic fine particles are a-alumina fine particles having 
a D/H ratio of 0.5 or more and 2.0 or less when the maximum particle diameter parallel to the hexagonal closest 
lattice surface of a-alumina is represented by D and the particle diameter vertical to the hexagonal closest lattice 
surface is represented by H. 

3. A light scattering resin layer according to claim 1 or 2, wherein the inorganic fine particles are subjected to surface 
treatment. 

4. A light scattering resin layer according to claim 3, wherein the inorganic fine particles are subjected to surface 
treatment with an organic compound containing a metal ion or an inorganic compound containing a metal ion. 

5. A light scattering resin layer according to any one of claims 1 to 4, having a thickness within the range from 0.2 
um to 100 u,m. 

6. A light scattering resin layer according to any one of claims 1 to 5 : wherein the surface of the light scattering layer 
has uneven ness of depths from 0.05 um to 1 0 um. 

7. A color filter for a liquid crystal display, wherein a light scattering resin layer according to any one of claims 1 to 6 
is provided on one or both sides of the surfaces of a transparent substrate or on a color filter layer. 

8. A color filler for a liquid crystal display, wherein a light scattering resin layer according to any one of claims 1 to 6 
is provided in a color filter layer. 

9. A liquid crystal display which comprises a color filter according to claim 7 or 8 as a constituent element thereof. 



10 



EP 1 235 083 A1 



10. A light scattering plate which comprises a light scattering resin layer according to any one of claims 1 to 6 on the 
surface of or in a scattering plate. 

11. A liquid crystal display which comprises a light scattering plate according to claim 10 on at least one side either 
5 of the outer side or the inner side of a liquid crystal cell. 

12. A light scattering adhesive layer which is a light scattering resin layer according to any one of claims 1 to 6 in which 
the transparent resin is a resin having adhesion. 

10 13. A liquid crystal display which comprises a light scattering adhesive layer according to claim 1 2 on at least one side 
either of the outer side or the inner side of a liquid crystal cell. 



15 



20 



25 



30 



35 



40 



45 



50 



55 



BNSDOCID: <EP 1235083A1 J_> 



EP 1 235 083 A1 



Figures 




Figure 2 




.1235083A1_I_> 



12 



EP 1 235 083 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 01 30 1621 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation o! document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (tntCI.7) 



EP 0 561 551 A (ROHM & HAAS) 
22,Septenber 1993 (1993-09-22) 

* claim 1; figures 1,2 * 

EP 0 269 324 A (ROHM & HAAS) 
1 June 1988 (1988-06-01) 

* abstract; figure 1 * 

EP 0 342 283 A (ROHM & HAAS) 
23 November 1989 (1989-11-23) 
♦claims 1,2; figures 1,3 * 



1-13 



G02B5/02 

G03B21/62 

G02F1/1335 



The present search report has been drawn up tor all claims 



1,2 



TECHNICAL F 
SEARCHED (lnLCI.7) 



G02B 
G03B 
G02F 



Plica ot search 

THE HAGUE 



Dai a ol corotolcn at *w saaicfi 

29 November 2001 



Emtww 

Romeo, V 



CATEGORY OF Crr ED DOCUMENTS 

x : panicutarry relevant ii taken atone 
Y : particularly relevant it combined with another 
documem of tne same category 



T : theory or principte underlying the tnvonlton 
E : earlier patent document, but published on. or 

after ihe tiling aate 
D : documem died In the application 
L : document cted for other reasons 



O : rw-yirtten disclosure 
P : inlefrnedu 



& : member ot the same patent family- concspondtng 



13 



BNSDOCID: <EP 1235C83A1_I_> 



EP 1 235 083 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 30 1621 



This annex lists the patent family members relating to the patent documents cited In the above- mentioned European search report. 
The members are as contained In the European Patent Office EDP file on 

The European Patent Office Is in no way liable for mesa particulars which are merely given for the purpose of information. 

29-11-2001 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 



EP 0561551 


A 


22- 


-09- 


•1993 


US 


5307205 


A 


26-04-1994 












CA 


2091423 


Al 


21-09-1993 

tl «J X73J 












EP 


0561551 Al 


22-09-1993 












JP 


6018991 


A 


28-01-1994 


EP 0269324 


A 


01- 


•06- 


1988 


AT 


84051 


T 


15-01-1993 












AU 


603840 


B2 


29-11-1990 












AU 


8132387 


A 


19-05-1988 












BR 


8706147 


A 


21-06-1988 












CA 


1337104 


Al 


26-09-1995 












0E 


3783338 


Dl 


1 1-02-1993 












DE 


3783338 


T2 


17-06-1993 












EP 


0269324 


A2 


01-06-1988 












ES 


2053565 


T3 


01-08-1994 












IL 


84511 


A 


21-11-1991 












IN 


171260 


Al 


22-08-1992 












JP 


2618342 


B2 


11-06-1997 












JP 


7238200 


A 


12-09-1995 












JP 


2003033 


C 


20-12-1995 












JP 


7037579 


B 


26-04-1995 












JP 


63137911 


A 


09-06-1988 












KR 


9615111 


Bl 


28-10-1996 












MX 


168113 


B 


04-05-1993 












US 


5237004 


A 


17-08-1993 












US 


5346954 


A 


13-09-1994 












ZA 


8708591 


A 


18-05-1988 


EP 0342283 


A 


23-11-1989 


EP 


0342283 Al 


23-11-1989 












AT 


85804 T 


15-03-1993 












AU 


616659 B2 


07-11-1991 












AU 


1640388 A 


19-07-1990 












DE 


3878556 


Dl 


25-03-1993 












DE 


3878556 


T2 


05-08-1993 












ES 


2046299 


T3 


01-02-1994 












IL 


86421 


A 


15-01-1992 



Si For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



14 



BNSDOCIO <EP 1235083A1J_> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



